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ELIMINATION OF RUMBLE FROM THE COOLING DUCTS OF A 
SINGLE-ENGINE PURSUIT ..AIRPLANE 



By Howard F. Matthews 



SUMMARY 

A full-size single-engine pursuit airplane, with wing 
tips cut off, was tested in the 16-foot wind tunnel of the 
Ames Aeronautical Laboratory at Moffett Field, Calif. The 
purpose was to find means for eliminating an extreme rumble 
which occurred at high speeds when the radiator air-duct- 
exit openings were small. 

The most effective remedy found was placing the entrance 
to the duct well out of the boundary layer of the wing so 
that the velocity distribution would be favorable toward 
removal of separation and buffeting in the duct. Increasing 
the depth of the gutter and reducing the inlet area ©ay also 
have contributed to correction of the defect. 

INTRODUCTION 

Pilots of the airplane had reported that a heavy 
vibration or a rumble occurred at high speed, apparently in 
the radiator air ducts. The severity of the rumble was said 
to be increased, mainly, by closing the flap at the exit of 
the coolant-radiator duct and, to a lesser extent, by closing 
the flap of the oil-radiator duct. In addition, it appeared 
that the rumble was more severe at angles of attack loss than 
required for high-speed level flight. 

Preliminary work done in flight by the manufacturer 
indicated that the rumble was not! caused, primarily, by 
vibration of the duct structure itself. The noise was so 
severe, however, that some remedy was necessary. Therefore, 
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at the rf Quest of the Army air Forces, Materiel Command, an 
investigation of the problem was undertaken in the 1 6-foot 
wind tunnel of the Ames Aeronautical Laboratory, for it was 
realized that considerable time could be saved by utilizing; a 
wind tunnel, rather than free flight, in the test program, 

WIND TUNNEL AND TEST AIRPLANE 

The 16-foot wind tunnel of the Ames Aeronautical Labora- 
tory has a closed test section, a single closed return 
passage, and is of circular cross section throughout. 

The airplane furnished for the wind-tunnel tests differed 
from the production model in that the wing was placed 3 inches 
higher. This variation resulted in the carburetor scoop 
being below the bottom of the wing, but the effect on the 
cooling air-duct performance was thought to be negligible , 

In order to mount the airplane in the wind tunnel, the 
wing tips were cut off and fittings were secured to the wing 
spars for attachment to the trunnion plates. In addition, 
the empennage and propeller were removed, a spinner was in- 
stalled to fair the nose of the fuselage, and a fairing was 
fitted over the tail end. 



TEST METHOD 

For tests at speeds up to 2oG miles per hour, the air- 
plane was supported only on the trunnion plates (fig. 1). 
The angle of attack was varied by rotating the trunnion 
plates, and the forces on the airplane . we re measured by the 
self -balancing, recording beam scales of the regular balance 
system. 

For the high-speed tests, the airplane was given addi- 
tional sup-oort by a tail strut (fig. 2) which was securely 
fastened to the top of the tunnel shell. Force measurements 
were not made for this type of mounting. 

A pilot, or oceuoant, of the airplane was essential, 
since the rumble could be distinguished only from inside thc^ 
cockpit . Communication was maintained with the pilot throUgi 
earphones and throat microphones. 
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The program for tests was completely flexible and de- 
pended largely upon what was learned as the investigation 
proceeded. In general, for each change in form or arrange- 
ment of the duct, the exit openings were varied through 
electrical control of the flaps by the pilot, who also 
observed the rumble. The flap openings employed, as 
measured at the center, and the corresponding areas at the 
exits were as follows: 



Coolant-radiator duct 


Oil-radiator duct 


E lap opening 
( in . j 


Area 
(so ft) 


Flap opening 
"(in.) 


Ar'6'a 
(so ft) 


■ • - 

1.3 


1 

0.14 


0.6 


0.04- 




.so 


3.1 


.22 


10.3 


1.43 


g.o J 






2.13 







The smallest openings given above were for the flaps against 
the stops and provided the minimum area available. The open- 
ings of 5.9 inches and 3.1 inches for the coolant-radiator 
duct and oil-radiator duct, respectively, were for flaps 
flush with the outer surface of the duct. The largest open- 
ings were the maximum available, 

The choice of modifications investigated was influenced 
greatly by the comments of the pilot regarding the rumble 
and by visual observation of the air flow about the duct 
through the aid of wool tufts. Photographs of the tufts 
were made to obtain records of the air flow in typical cases. 
If the modification under test indicated a decrease of the 
rumble, pressure data for computing the flow through the 
ducts were recorded and drag tests at three angles of attack 
were made . 

The data were corrected, approximately, for Dhe rather 
large constriction effects on the dynamic pressure, velocity, 
density, and Mach number, but not for the tunnel-wall effects 
on the angle of attack. 



The dynamic pressure of the air flowing through the duct 
"was measured by pitot tubas placed at the entrance for the 
two successful designs, and by a number of total-pressure 
tubes and static-pressure orifices aft of the radiators in 
the case of the original duct. The accuracy of the dynamic- 
pressure measurements for the original duct is questionable, 
as the data are for a low-speed section , The temperature 
was measured at the la^gS end of the wind- tunnel entrance 
cone and was computed for points in the duct by assuming 
adiabatic expansion. From these measurements, the density, 
velocity, and mass flow of air in the ducts were "computed. 

For computing the drag coefficient Cd,,- the total 
airplane wing area of 233 -!9 scuare feet was used, 



RESULTS -mKD DISCUSSION 

Rumble Before the investigation of the problem could 
be initiated, the rumble had to be obtained in the wind tun- 
nel. By trial, it was found to be very severe at the geo- 
metrical angle of attach corresponding to an angle of inclina- 
tion for the fuselage reference line of -2°. (The angle of 
the fuselage reference line with respect to the wind direction 
is hereafter designated as angle of attach a. ) 

The preliminary tests, with a pilot in the cockpit and 
a passenger in the aft portion of the fuselage, disclosed 
that the main contribution to the rumble was the vibration 
of the coolant radiator, evidently caused by pulsations In 
the flow through the duct. 

Since the rumble did not occur when the coolant-duct- 
exit opening was large, the first modification was to pro- 
vide an increase in the minimum value of the entrance 
velocity relative to the free-stream velocity. A bypass 
arrangement, shown in figure 3, was designed to achieve 
this purpose. The results were encouraging in that, with 
the bypass louvers at the most effective opening, the ve- 
locity at which the rumble began was raised approximately 
150 miles per hour. 

A study of the tufts (figs. 11 and 5) indicated that the 
bottom of the wing near the duct was in a stalled condition 
and that the flow along the inside of the duct at the top of 
the entrance was reversed. The upper lip of the entrance was 
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extended 13-3/4 inches ahead of its original position and 
was faired into the original lower lip. The leading edge of 
the extension was made straight at the top and was placed 
about five-eighths of an inch away from the wing-bolt fairing 
at the center line of the airplane,, The extension was faired 
into the lines of the original duct. The lip extension and 
the resulting improvement in the flow are shown in figure 6* 
With the bypass open, the duct, thus modified, had only a 
slight rumble at 422 miles per hour. 

The next modification of duct tried v/as one conforming 
to loft lines designed by the manuf ac turer to provide a higher 
entrance velocity and to reduce the separation at the top 
portion leading to the coolant radiator* This was accom- 
plished by extending the partition between the coolant- and 
oil-radiator ducts to the entrance, and redesigning the 
coolant-duct diffuser. A flap was incorporated by the Ames 
Aeronautical Laboratory to provide a bypass from forward of 
the coolant radiator to aft of the oil radiator <> This 
revision, shown by figure 7, is called the "divided duct. f! 
It proved to have a later and less intense rumble than 
the original, but was inferior to the original as modified 
by an extended upper lip at the entrance* As before, the 
bypass removed the rumble to a degree (up to 337 miles per 
hour) but did not eliminate it at the higher . speeds c 

Another lip extension was made (fig. 8) and attached to 
the divided duct. This extension was- similar to that used 
on the original duct ; with the exception that it was carried 
only 10-7/8 inches forward and the leading edge v/as placed 
1 inch away from the wing-bolt fairinge This modification 
reduced the rumble to a point where it was not discernible 
from the general vibration of the airplane at 500 miles per 
hour, the highest speed attained in the tests. 

An alternate change was made in the divided duct to de- 
termine if placing the entrance farther from the lower surface 
of the wing or extending the upper lip forward was the more 
important factor in removing the rumble. The top of the en- 
trance, without lip extension, was lowered about 1 inch 
farther from the wing surface, and this drop was carried 
along the top inner surface of the coolant duct to- within a 
few inches of the radiator e Prom this point, it was faired 
into the previous lines. The oil-radiator duct was left un- 
changed, Figure 9 shows this modification. This form, like 
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the divided duct with the extended lip, did not rumble at 
500 miles per hour even with both duct-exit fl£-P s closed 
and the airplane at an angle of attack of -2 . 

Cooling air ,- The mass flow through the oil-radiator 
duct for the original design, and for the two that were suc- 
cessful in eliminating the rumble, is shown in figures 10 
to lk. The curves indicate that either of the latter (the 
divided duct with lip extension or the modified divided duct) 
are satisfactory for" cooling the oil. The most noticeable 
difference among the three is the greater scatter of the 
curves with changes in coolant-duct flap setting for the 
original design." This difference may be explained as an 
effect of the partition between the coolant- and oil-radiator 
ducts in the divided duct design. The partition, being 
extended to the entrance, might be expected to reduce the 
effect of coolant-duct flap setting on the flow through the 
oil radiator. 

Likewise, figures IS to 19 show the mass flow through 
the coolant-radiator duct for these three designs. In 
general, the flow for the original design was slightly greater 
than for the other two. The curves for the divided duct with 
the upper-lip extension and for the modified divided duct 
are much alike, with the exception that at the fully closed 
position of the coolant-duct-exit flap, those for the 
modified form show a definitely smaller mass flow. 

Drag .- The drag increment, due to substitution of the 
divided duct for the original duct with lip extension, is 
shown in figures 20 and 21. In the dive attitude (approxi- 
mate angle of attack of -2°), either divided duct produced 
a decrease in the drag coefficient with the coolant-duct flap 
closed, and only a slight increase (about 0.0002) with the 
flap flush. At the high-speed level-flight attitude (angle 
of attack 0°), the drag coefficient was increased an average 
of about 0.000 1 !. For an angle of attack of 5°, the drag 
increment was slightly higher. 

Figure 22 shows the density, velocity, and Mach number 
at the position of the airplane and as corrected for con- 
striction effects, as functions of dynamic pressure. 

Tables I to IV are a summary of the temperature, density, 
static pressure, and mass flow at the entrance for the two 
divided duct designs. 
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Figure 23 shows the principal forms of duct Investigated 
and gives a summary of the performance, where determined, for 
the various conditions of the tests* 



CONCLUSIONS 

The problem of eliminating a heavy vibration or rumble, 
which occurred at high speeds when the radiator-duct-exit 
openings were small, was solved by either of two designs. 

The first included an upper-lip extension of the entrance 
to a divided duct, which differed from the original in that 
the partition between the coolant- and oil-radiator duct 
diff users was extended to the entrance. The coolant-duct 
diffuser was also revised. The effect of the extension was 
twofold: first, to move the entrance farther from the lower 
surface of the wing and, second, to increase the depth of 
the gutter. 

The second successful design was a modification of the 
divided duct. It likewise moved the entrance to the coolant 
duct away from the lower surface of the wing, but it did not 
change the depth of the gutter. The revision reduced the 
inlet area of the coolant duct from 163 square inches to 
13S. 7 square inches. 

The more important factor in the solution was evidently 
placing the entrance of the duct well out of the boundary 
layer of the wing, so that the velocity distribution at the 
entrance would be favorable to removal of separation and 
buffeting in the duct. Increase in the depth of gutter 
and reduction of inlet area may also have contributed to 
the solution of the problem. 



Ames Aeronautical Laboratory, 

National advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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Figure Three-quarter rear view of the airplane mounted 
in the 16-foot wind tunnel. 




Figure Three-quarter front view of the airplane mounted 
in the 16-foot wind tunnel* 




RADIATOR DUCT HOUSING REMOVED SHOWING LOCATION 
OF LOUVERS' SHIELD OVER LOUVERS J AND FLOW OF AIR 
FROM LOUVERS , DOWN THE SlDE AND CHJT THE SIDE 
EX IT. 



FIGURE 3.- BY-PASS ARRANGEMENT ON ORIGINAL DUCT 



Figure 4.- Side view of original duct, 
a = -2°, flaps closed. 





Figure 7.- Three-quarter front view of the divided duct. 




AAL 
5926 



Figure g.- Three-quarter front view of the divided duct 
with lip extension. 




Figure 9.- Three-quarter front view of the modified 
divided duct. 
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